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Free-space optical (FSO) communication systems are increasingly being 
adapted to provide high-speed, improved capacity, cost effective, secure 
and easy to deploy wireless networks. These systems have proven to be an 
attractive technology for broadband wireless communication when optical 
fiber links are unavailable or their deployment is simply not feasible 
(cost prohibitive). This thesis presents experimental work and results 
on the design, evaluation, prediction and comparison of a new ultra high 
speed FSO system performance in operational environments. 
Currently, the typical channel capacity for optical fiber transmission 
is from 2.5 Gbps to 40 Gbps, and so far there is no deployed wireless 
communication network which can deliver this kind capacity. Innovative 
broadband wireless technologies (for both fixed and mobile applications) 
operating in the RF, microwave and millimeter wave regions of the 
electromagnetic spectrum are currently being deployed or are under active 
research investigations. These technologies include IEEE 802.11 based WLAN 
systems, IEEE 802.16 based WMAN (WiMAX) systems and ultra wideband (UWB) 
PAN systems. Unfortunately, these advanced wireless technologies still 
do not meet the capacity of current optical fiber transmission. Therefore, 
there is a need for a flexible full optical wireless network (free-space 
optical communication system) which can provide capacity equivalent to 
optical fiber. 
Conventional FSO systems operate near the 800 nm spectral range and 
before transmission through the space, the optical signal is converted 
to electrical signal by the optical transceiver. The electrical signal 
is amplified by a laser driver and the modulated light from the laser diode 
is directed through space. At the receiver the optical beam is focused 
to a photo detector then converted to electrical signal. The electrical 
signal is again converted back to optical for transmission through optical 
fiber. Unfortunately, optical devices using the 800 nm spectral range can 
not operate above 2.5 Gbps because of the power limitations imposed for 
eye safety. In order to overcome these bandwidth and power limitations, 
1550 nm wavelength is selected for new ultra-high speed FSO systems and 
its advantages apart from being eye safe include, reduced solar background 
radiation and compatibility with existing optical fiber technology 
infrastructure. By using the 1550 nm wavelength, multi-gigabit per second 
wireless transmission can be achieved by leveraging the technology 
developed for long haul optical fiber communication e.g. erbium-doped 
fiber amplifier (EDFA) and wavelength division multiplexing (WDM) as well 
as advanced optical sources and detectors. 
In this thesis, experimental studies on a newly designed FSO 
communication system operating at 1550 nm wavelength where the optical 
beam is emitted directly from the fiber termination to free-space and then 
coupled directly to fiber (usually single mode fiber SMF) at the receiver 
point is presented. The need for converting the optical signal to 
electrical and vice versa is omitted. The merits of this wireless 
communication system include being data rate and protocol independent thus 
the necessity of reconfiguring the transceivers is eliminated when the 
nature of the transmit signal changes due to varying bit rates, signal 
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format (analogue or digital) or wavelength channel. The key technology 
in this kind of FSO communication system is a high-speed beam tracking 
and control mechanism which is able to suppress the effects of atmospheric 
turbulence so as to couple as much of the received optical beam to the 
SMF core having a diameter of about 10 μm. Therefore it is important to 
investigate the free-space atmospheric propagation properties necessary 
in the design, evaluation, prediction and comparison of FSO system 
performance in operational environments. The design of the high-speed beam 
tracking and control mechanism is a key element. 
The primary goal of this thesis is to experimentally study the design 
and performance of a new ultra high-speed FSO communication system. It 
is well known that atmospheric turbulence, aerosols and molecular 
absorption affect the propagation of optical waves in the atmosphere. 
Atmospheric turbulence effect, manifested as beam wander and scintillation, 
is the major source of errors in FSO communication links often causing 
link quality deterioration and sometimes unavailability. Most of the 
techniques used to improve FSO communication system performance work by 
suppressing atmospheric turbulence which is a major source of deep signal 
fades. The experimental study is conducted using a 1 km link FSO 
communication system setup in the Waseda campus area. 
A relative simple technique for atmospheric turbulence mitigation is 
introduced. The technique utilizes a fast beam tracking miniature fine 
pointing mirror (FPM). The FPM function is to control and steer the beam 
to the fiber connection port. The advantages of using the miniature FPM 
for atmospheric turbulence mitigation compared to the other techniques 
is that the FPM can improve the FSO system performance with less complexity 
and minimum electronic overhead and at the same time maintaining a compact 
size antenna of about 10 cm cubed. 
A method to determine the FPM optimum tracking speed has been proposed. 
This method determines the tracking speed by measuring the received signal 
intensity fluctuations as a result of atmospheric induced scintillations 
effects and comparing it with the signal variations caused by 
angle-of-arrival (AOA) fluctuations. The frequency response 
characteristics for the two measured data set (after performing FFT to 
the time series data) show similarity in the magnitudes of intensity 
fluctuation. From this result, an approximation for the antennas' fast 
beam steering FPM tracking speed has been determined. In this case, the 
FPM tracking speed is chosen to respond faster than the AOA fluctuations 
and is set to 1 kHz. The beam intensity fluctuations because of AOA 
fluctuations were suppressed remarkably. 
The ultra high-speed FSO communication system performance evaluation 
in terms of bit-error-rate (BER) after setting the antenna tracking speed 
to 1 kHz was conducted. The improvement in atmospheric turbulence 
suppression is evident from the reduced errors and continuous stable 
full-duplex (bi-directional) transmission at 2.5 Gbps and 10 Gbps has been 
demonstrated under clear and quiet weather conditions. 
A comparison on the performance of free-space optical systems operating 
in the 800 nm and 1550 nm wavelengths is presented. Up to now, there is 
no comprehensive long term statistical analysis data collected comparing 
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the atmospheric turbulence effects on the performance and propagation 
characteristics of conventional 785 nm and new 1550 nm wavelength FSO 
communication systems deployed in the same environment. In this thesis 
an opportunity to conduct such experiment by measuring and analyzing 
collected data over a long period of time was presented. 
The thesis also focuses on long-term experimental measurement, 
characterization and quantifying the effects of atmospheric turbulence 
experienced on ultra high speed FSO communication system. Among the results 
after careful observation of the measurement data is that the magnitude 
of atmospheric induced scintillation fluctuation is not only determined 
by high temperature, but rather the difference between the ground and the 
air temperature. When this temperature difference is high, the degree of 
scintillation fluctuation is also high. Also by comparing the atmospheric 
turbulence measurement during arbitrary chosen summer and winter months, 
it was shown that the midday maximum of refractive index structure constant 
parameter, Cn
2, could change by a factor of 2.3. Therefore, the increased 
occurrence of bursts errors in the ultra high speed FSO system during the 
summer months, because the FPM could not suppress the strong atmospheric 
turbulence (Cn2>10-¹³m-2/3). 
And finally, this thesis explores a method to suppress burst errors which 
occur in periods of strong atmospheric turbulence (Cn2>10-¹³m-2/3). Under such 
events, the FPM signal fading suppression capability is diminished. 
Therefore in order to avoid signal fading in such situation, the use of 
a soft-computing (SC) based multi-layer neural network predictor (MNNP) 
is proposed. The SC based tools are used for the prediction of key 
parameters of the FSO communication system. Measured data collected from 
the experimental FSO communication system is used as training and testing 
data for a proposed MNNP used to predict future parameters. From simulation 
studies, the parameters values predicted using the proposed tool show 
acceptable conformity with the original measurements. This demonstrates 
that soft-computing based tools can be used to enhance the performance 
and reliability of FSO communication systems especially in periods of 
strong atmospheric turbulence when the antenna tracking and control unit 
temporary looses it tracking capability. 
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